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This study investigated the damage to the specimen due to liquid droplet impingement erosion corrosion,
which improved the corrosion resistance and durability via hard anodization of 5083-H321 aluminum alloy,
which is widely used for small ships and marine structures. The experiment combined liquid droplet impingement
erosion and electrochemical equipment with the flow rates in natural seawater solution. Subsequently, Tafel
extrapolation of polarization curves was performed to evaluate damage due to the liquid droplet impingement
erosion corrosion. The damaged surface was observed using a 3D microscope and a scanning electron microscope.
The degree of pitting damage was measured using the Image J program, and the surface hardness was measured
using the micro-Vickers hardness tester. The corrosion current density, area, depth, and ratio of the damaged
areas increased with the increase in flow rate. The grain size of the damaged area at a flow rate of 20
m s showed fewer and minor differences in height, and a smooth curved shape. The hardness of the damaged
surface tended to decrease with increase in flow rate.
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2. 4 1HfEH
2.1 AlHH

2 Q) AR AlsE TR AT AR Sty
Tx2E ARZ 9] AH-EE 5 mm 72 5083-H321
Gl el tiete] AAFFAEE AAIS AIFHS
AREERAT e shekaAdS Mg 4.33 wt%, Fe 0.35
wt%, Mn 0.54 wt%, Cr 0.06 wt%, Cu 0.01 wt%, 18]l
i x]= Alo|t) ZF A& He]| A8-¥ ARk TAS = AF Y-
st kS I ((F)RFEew) o2 TR

71E ATellA AAG=As A2l® 5083-H321 &
i o] Astoube] tist oA FAF XA EE
(energy dispersive X—ray spectroscope) &4 A3} Ak
stojute] £ FEdAE Al(45.22 wt%) T 0(40.03
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wt%) 2 ElFEon o]lE 7|ZE slo] O/Al gAH]
(atomic ratio) & AAFSl & o 5083-H321 &Fvlg 3
=9 xHel P49 Abste k(] 1.55) 2 AlOs7t 3
AE =S gt 3t Atstalete] o #Es T
3 Akl Tl Qal FAE &FulE Abslaekr) 2 A
=52 gEs] AdE o, 74 16.8 pme] dd3t
st AbslekS #lsk 4= 3l [2].

2.2 AEBHHARA AE

U
F

_4

N4 FAR A =78 8] S fl8) Fig. 13 22o] 97
2 Al 7138k A8 e A A
th HAFARA A= A, wE 371 4571,
S, 55 27, 252 H7] SoE A E jlom,
A7 1.6mme] =E& AHSIITE A7)ske A8 =
Potentiostat/galvanostat (PCI4/750, GAMRY instru—
ment, USA) & ©]&3131om, 3 A= F-2 A& gAJsto]
AL BT AP Agegith Ae] 24 A= A8 St
5 AMgslol 94 WA 1 emPo] Aol wEFH =S stk
AHATFE 2 cm X 2 cm 3719 HEES, VS
Ag/AgCl (sat. by KCD) =& ARG8T 2 AtolA=
A sl (Fx 23l & dald= ARgatalon, 24
Table 1] A|AsATE HAFANA A2 5 i?ﬂﬁ
0 m/s(stagnant), 10 m/s, 20 m/sZ XA3s}Ac) &
Al A, 7N Z 2] (open circuit potential, ©]3} OCP)+

FFJ

Specimen

Counter

W,

Potentiostat
/galvanostat

Nozzle
Reference

electrode

Flow
control unit
Return
pump
——

Air
Pressure

Fig. 1 Schematic diagram of experiment equipment for
potentiodynamic polarization experiment under erosion-corrosion
condition with flow rate in seawater.
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Table 1 Chemical compositions and properties of seawater (wt%)

Main component (mg/L) Dissolved Electric
pH oxygen conductivity
SO.* Cr Na* K* Mg* Ca** (mg/L) (mS/cm)
2,605 17,388 10,414 361 1,215 402 7.9 10.2 49.7

A 3ol 2AAHTFS 1AIRE A3 & ASEAT) 56
B AES AY 19 MY E OCP 715 —0.25 VollA

2]
2.0 VZHA] 0.5 mV/s9] FARSEZ F3skeic) F-24) 1 919}
FARAFEES S0 £ 49 OCP 7]& +0.25 V
H el Tafel 4 o2 AHE3ISIth A S5 $ A94
S oMEY ZHE AFsg e, 9F Ax & A
710l 1 -s_F Btk 5 A ZHAwS S7ei0inh Bek 4
2 A4S fst] FARIAAR A (scanning electron
microscope, SEM, SNE-4500M Plus, sec, Korea) 2}
3D #v]7 (3D microscope, PSM—100, Motic, Hong
Kong) &2 #&313l0m, Image J ZE IS ©]-&-3fo
A 24 WA vlEs SAsIelH 18 vlola R HF A
X7 (HMV—-2E-125, SHIMADZU, Japan) & ©]-8-3}¢
9.807N¢] 7}etE O Z AT 102E HEATS 53
e

.
)

)

(L N

s Fegstolr A d=atehe 5083-H321 &FvlH
el theked 0, 10 Z28]aL 20 m/s9] 4 We] wE

H a

NAFAYA -5 APS TS,

e"z

Fig. 2+ A =Aksle 5083-H321 ¢FvF &5
A s stollA F38E FA9] 5 A A3E vekd
Jefzolk Al 7HA 27 BE R ALl AL S
Gholl whet % E‘QFJP 7V AEde vERlEE dnks o
% 4FrES pH 4 ~ 8.5 HelolA FEd SA4S 7Y
g tel = T LA TR f14o]2(Cl) el <l l"i‘
Zejyuto] wpajEo] AMS duke AR F3lt} [8
JHA s SErEe G 8ERES (Al - Al3+ +
3e)oll ofa] Ao ﬁﬁﬂ%ﬂ} [8]. zz8]ar -05 V
(Ag/AgCD &) Aflel AFdEE vwst A3 42 =4
ol 1 X 10~ A/cmz/] FUEE YEFAAIR, 10 m/s
9} 20 m/s¥= ZHzF 8 X 107° A/em?(8HH), 1 X 107°
A/cm®(10vH) 2 #H2E ot

Fig. 32 53% 5 4ol dlste] Tafel &4 ¢t A7}
£ UERd Zloltt, WA, A F=Atslke 5083-H321 &
Folg e A lt %01] w2t 22k -0.68 V,
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Fig. 2 Potentiodynamic polarization curves of anodized 5083-H321

Al alloy under erosion-corrosion condition with flow rate in
seawater.
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(a) Comparison of graphs on corrosion potential & corrosion current density

Conditions 0 m/s 10 m/s 20 m/s
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(b) Values of corrosion potential & Corrosion current density

Fig. 3 Results of Tafel analysis for anodized 5083-H321 Al alloy after potentiodynamic polarization experiment under erosion-corrosion

condition with flow rate in seawater.
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Fig. 4 Surface observation of anodized 5083-H321 Al alloy after
potentiodynamic polarization experiment under erosion-corrosion
condition with flow rate in seawater.
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3D analysis Profile
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Fig. 5 3D analysis and surface damage depth for surface of anodized 5083-H321 Al alloy after potentiodynamic polarization experiment

under erosion-corrosion condition with flow rate in seawater.
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10 m/s

20 m/s

Fig. 6 Surface morphologies of anodized 5083-H321 aluminum
alloy after potentiodynamic polarization experiment under
erosion-corrosion condition with flow rate in seawater.
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Fig. 7 Schematic diagram of liquid droplet impingement erosion
damage for hard anodized film on 5083-H321 Al alloy
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Fig. 8 Weight loss of anodized 5083-H321 Al alloy after
potentiodynamic polarization experiment under erosion-corrosion
condition with flow rate in seawater.
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0 m/s 10 m/s 20 m/s

(a) Pitting damage analysis
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Fig. 9 Analysis of pitting area for anodized 5083-H321 Al
alloy after potentiodynamic polarization experiment under
erosion-corrosion condition with flow rate in seawater.
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Fig. 10 Surface hardness of anodized 5083-H321 Al alloy after
potentiodynamic polarization experiment under erosion-corrosion
condition in seawater
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